The electronic structure of the Kondo lattice CeIn3 has been studied by on-resonant angle-resolved photoemission spectroscopy and scanning tunneling microscopy/spectroscopy. A weakly dispersive quasiparticle band has been observed directly with an energy dispersion of 4 meV by photoemission, implying the existence of weak hybridization between the f electrons and conduction electrons. The hybridization is further confirmed by the formation of the hybridization gap revealed by temperature-dependent scanning tunneling spectroscopy. Moreover, we find the hybridization strength in CeIn3 is much weaker than that in the more two-dimensional compounds CeCoIn5 and CeIrIn5. Our results may be essential for the complete microscopic understanding of this important compound and the related heavy-fermion systems.
II. EXPERIMENT
annealing. 16 All the data taken with 121 eV photons were obtained at the "Dreamline" beamline of the Shanghai Synchrotron Radiation Facility (SSRF) with a Scienta D80
analyzer. The energy resolution is 17 meV and the angle resolution is 0.2 o . The samples were cleaved along the c-axis in ultrahigh vacuum at 13 K before performing ARPES measurements. The base pressures of the two systems are below 5×10 -11 mbar during the entire measurements. All ARPES measurements were performed at 13 K. STM measurements were performed with a low temperature ultrahigh vacuum system (base pressure, 1.2×10 -11 mbar). dI/dV curves were obtained simultaneously with the feedback loop off. dI/dV versus sample bias (V) was recorded by superimposing a small sinusoidal modulation (4 mV, 731 Hz) to the sample bias voltage, then the firstharmonic signal of the current was detected through a lock-in amplifier. An electrochemically etched tungsten tip was used, and the STM image in this work was recorded in a constant-current mode. 5 ) on the samples prepared by the same method, and only one termination is observed, the lattice constant of which is consistent with that of the Ce-In layer. For simplicity, we will refer to In (Ce-In) layer-terminated dominated surface as In (Ce-In) layer-terminated surface throughout the work.
III. RESULTS
The topology of the FS of the In layer-terminated surface in Fig. 1(c) consists of an elliptical-shaped electron pocket centred at the M point, a hole pocket and an electron pocket centred at the  point. For comparison, the electronic structure of the Ce-In layer-terminated surface at the same kz by soft x-ray ARPES is displayed in Fig. 1(d) .
The main features are similar to that in Fig. 1(c) , except that the electron pocket centred at the  point is not that pronounced.
Previously, dHvA experiments, calculations and ACAR results 18, 19, 26, 27 all indicate that there are three pronounced FS sheets for CeIn3. One electron pocket is centred at the R point, the other two centred at the Γ point (one electron and one hole). Those results agree well with our ARPES data in Fig. 1 (c) and 1(d). Since ARPES results with 590 eV photons are more bulk-sensitive than that with 121 eV photons, here we compare the size of the projected FS between the soft x-ray ARPES data in Fig. 1(d) and those from dHvA. Previous dHvA experiments and related calculation results 19, 26, 27 indicate that the dHvA frequency for the pressured paramagnetic (PM) CeIn3 is about
(1/ A) ) for the electron pocket centred at the R point, while about
(1/ A) ) for the hole pocket centred at the Γ point when magnetic field is along <100> direction. Here F is the dHvA frequency and SF is the maximum or minimum cross-sectional area of the FS. (1/ A) for the hole pocket around the  point, which are consistent with the dHvA results. 4 f , respectively. 22, 29 Additionally, two broad and flat bands located at 2 eV and 1.5 eV BE can also be observed in Fig. 2 (a) and 2(e). The flat band at 2 eV BE arises from the pure charge excitations (4f 1 -4f 0 ) and is usually referred to as the ionization peak. 17 The other broad band observed at 1.5 eV BE may reflect hybridization spreading due to structure in the valence band density of states, which has been observed in CeRh2Si2 30 and the monolayer of Ce film on W (110). 31 shown in CeCoGe1.2Si0.8. 20 Meanwhile, the BE shift of the quasiparticle band will become more obvious and much larger. We further focus on the electronic structure near EF to illustrate the f-state properties of CeIn3 in Fig. 4 . First, we notice that the intensity of the 1 7/2 4 f state in CeIn3 is comparable with that of the 1 5/2 4 f state in Fig. 4(a) and 4(c), implying the highly localized nature of the f electrons. This phenomenon has been observed by the soft x-ray ARPES in our previous work. 16 Interestingly, however, we find that the spectral intensities of both To further confirm the formation of heavy quasiparticles in CeIn3 at low temperature, STM/STS experiments were performed to detect the electronic structure of CeIn3. The atomic resolution image in the inset of Fig. 5(a) shows that the atomic spacing is 0.468 nm, which is consistent with the lattice constant of the Ce-In layerterminated surface of CeIn3. Furthermore, a V-shaped gap feature around EF is observed from the dI/dV curve of CeIn3 in Fig. 5(a) , which can be well fitted with a Fano spectrum. 34 Our STS results on Ce-In terminated surface of CeIn3 are similar to that of the Ce-In terminated surface of CeCoIn5. 23 In a Kondo system, the Fano line shape naturally occurs because of the presence of two interfering tunneling paths from STM tip, one directly into the itinerant electrons, and the other indirectly through the heavy quasiparticles. 35 The Fano resonance line shape follows:
Here q reflects the quality of the ratio of probabilities between the two tunneling paths, ε0 is the energy location of the resonance, and Γ is the resonance half width at the half maximum (HWHM). This gap feature is related to the hybridization between f electrons and conduction electrons and widely observed in other HF systems. 23, 35, 36 By fitting,
we can obtain the parameters of the Fano curve at 11.2 K: q=-0.035 and Γ=9.2 meV, as shown in Fig. 5(a) . The gap value in CeIn3 from above fitting is about 18.4 meV, in agreement with the optical conductivity spectra result of CeIn3, which reveals a hybridization gap of ~ 20 meV. from ARPES and STS have also been observed in CeCoIn5. 22, 23 When the temperature is increased, we find that the gap feature becomes shallower in Fig. 5(b) . Following previous analysis, 36 we obtain the relative dip depth as a function of temperature in Fig. 5(c) . The dip depth can be reasonably well described by a logarithmic temperature dependence below 40 K, which is similar to other Kondo systems, [36] [37] [38] further indicating the emergence of HF state in CeIn3. Such behavior is consistent with the temperature dependence of the resistivity of CeIn3, which shows a maximum at 50 K, 13 indicating the formation of a coherent state. In addition, we find that the Kondo dip depth of CeIn3 starts to increases below 40 K, while the depth of CeCoIn5 already increases below 60 K. 23 This also implies weaker hybridization strength for CeIn3 than CeCoIn5.
V. DISCUSSION AND CONCLUSIONS
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